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Infrared absorption spectra of CO in tlu^ region of the first overtone have; been ol)served 
in dilute (approximately 1 to 10 parts in 1000) liquid solutions of oxygen, nitrogen, and 
argon, and clear crystalline nitrogen and argon matrices. The overtone band was found 
at 4249.0, 4252.4, and 4252.0 cm-i with half widths of 18.4, 17.8, and 13.7 cm-i in liquid 
oxygen, nitrogen, and argon solutions at 82, 78, and 82 °K, respectively. The half width in 
liquid oxygen varied from 18.4 to 10.0 cm-i in the temperature range 82 to 57 °K. The 
band position was the same but its width was smaller in the crystallines nitrogen matrix. 
Two bands were observed in the clear crystalline argon solid at 4245 and 4256 cm~^ The 
solution results cannot be interpreted with the recent tlusory of Buckingham, 



Infrared absorption spectra of carbon monoxide 
in the region of the first overtone have been observed 
in the Hqiiid solvents oxygen, nitrogen, and argon. 
In addition, the spectra have been obtained in ch^ar 
crystalhne solutions of argon and of nitrogen near 
the triple points of these solvents. The purpose of 
tliese experiments was to determine the influence of 
temperature, phase changes, and solvents on half 
width, position, and shape of the CO absorption band. 

A Perkin-Elnier juodel 99 monochromator with a 
2000 lines/cm grating blazed at 10° (1.7 ijl in hrst 
order) was used in tlie first order witli a spectral slit 
width of about 1 cni~^ An antirefiection coated 
germanium filter eliminated the higlier orders from 
the 1000 w tungsten fijament lamp used as the light 
source. The quartz absorption cell used, recently 
described by Bass and Broida [1], was modified 
slightly by recessing the windows further into the 
coolant tube. The resultant increased thermal con- 
tact between the refrigerant and the solution greatly 
simplifi.ed tlie growing of the clear crystalline matrices. 
The temperature of the refrigerant, liquid oxygen, 
was regulated by pumping on it with a small vacuum 
pump (capacity 14 liters/min). The vapor pressure 
of the liquid oxygen refrigerant, measured with an 
aneroid type gauge, provided an indication of the 
temperature. The direct measurement of the vapor 
pressure above the solution w4th a mercury manom- 
eter also provided an indication of the temperature. 
Solutions were prepared from the gases which had 
been mixed in the ratios of 1 to 10 parts carbon 
monoxide to 1000 parts of the various solvents. The 
position, the lialf width, and tiie shape of the spectral 
band did not depend on the concentration in this 
range. The clear solid solutions were grown slowly 
from the liquids at or near the triple points of the 
solvents. 



1 National Academy of Sciences-National Research Council Postdoctoral 
Research Associate at the National Bureau of Standards. 

2 Present address: l^epartniont of Physics, University of California, Santa 
Barbara, Cahf. 



The measured frequencies and half widths of the 
0-2 transition of CO in condensed oxygen, nitrogen, 
and argon are summarized in table 1. In liquid 
oxygen and liquid nitrogen, the band was symmetri- 
cal both at the half width and twice the half width 
and had a Lorentzian shape (using the w4dth at 
twice tlie lialf-band width as the criterion [2]). 
There were no changes in tlie position or the shape 
of the band in liquid oxygen at temperatures from 
57 to 82 °K. However tlie half-band width varied 
from 10.0 to 18.4 cm~^ in this temperature range. 
In liquid jirgon the band is slightly asymmetric 
with more absorption on the high-frequency side. 

Altliougli tlie position of the band in clear crystal- 
line solid nitrogen is not greatly difi'erent from that 
of the corresponding liquid solution, the half width 
is reduced by one-third and the shape is asymmetric 
and broader on the high-frequency side in the solid 
matrix. The absorption in the wings of the band 
is less than one would expect for a Lorentzian band 
shape. This observation is in apparent agreement 
with Wieder and Dows [3] who recently have 
observed vibrational bands of solid C2H4 and C2D4 
which had shapes between the Gaussian and Lorent- 
zian forms. In clear crystalline argon, the band is 
split into two overlapping peaks with the high- 
frequency peak about 50 percent more intense than 
the other peak. 

Results for the band positions obtained in this 
study are in good agreement with the recently 
published results of Vu, Atwood, and Vodar [4]. 
The band contours which are shown by them appear 
quite similar to the ones observed in this study but 
half widths Avere not listed, so that a further com- 
parison of our results witli theirs is not possible. 
Tliese workers did not study the influence of tem- 
perature on the spectrum. 

In an effort to fi,nd an explanation for the ob- 
servations of the 0-2 band of CO in condensed 
phases, several theoretical models have been tried. 
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Table 1. The 0-2 transition of CO in condensed oxygen, 
nitrogen and argon 



Solvent 


Phase 


T 


V 


^^y 


O2 

O2 

N2 


liq._.. 

liq 

liq 

solid 

solid . . - 


300 

57 
82 
78 
82 
62 

67 


4260. 

4249. ±0. 5 
4249. ±0. 5 
4252. 4 ±0. 5 
4252. ±0. 5 
4252. ±0. 5 
[4245. ±1. 01 
L4256. ±1. oJ 


10.0 ±0.5 
18. 4 ±0. 5 
17.8 ±0.5 


Ar 

N2 

Ar - 


13. 7 ±0. 5 
12. 3 ±0. 5 

25.0 ±2.0 









Unfortunately none of these theories easily account 
for the band shapes and shifts. 

Ewing [5] has observed the CO fundamental 
vibration in the liquid phase, in nitrogen and argon 
solutions. The bands he observed were not only 
asymmetric but also broader than the 0-2 bands 
observed in this study. The carbon monoxide 
fundamental had half widths of 26 cm~^ and 18 
cm~^ in liquid nitrogen and argon, respectively, at 
temperatures comparable to those in this study. 
Ewing ascribed the asymmetry and increased ab- 
sorption to the high-frequency side of the bands to a 
low barrier to rotation. From the asymmetry he 
estimated the barrier to be 42 cm~^ in pure liquid 
carbon monoxide, while slightly lower and slightly 
higher barriers were estimated for carbon monoxide 
solutions in liquid nitrogen and argon, respectively. 
A comparison with the present results (table 1) 
shows that the harmonic band is about two-thirds as 
broad as that of the fundamental. Moreover, the 
lack of asymmetry of the band in liquid nitrogen 
coupled with its narrowness in comparison to Swing's 
observations of the fundamental seems to indicate 
that either hindered rotation is not the disordering 
mechanism contributing to the band width observed, 
or the barrier is several times higher than kT. 

The observation of a variation of the half width of 
the CO harmonic in liquid oxygen from 10.0 to 
18.4 cm~^ in the temperature range of 57 to 82 °K is 
surprising in the light of existing theories. If the 
band contour is determined principally by a strong 
collision process, in which the duration of the 
collision is small compared to the time between 
collisions, a Lorentzian band contour should be 
observed. The half width of such a band should be 
proportional to T^^^ [6, 7]. The observed dependence 
is clearly a function of a higher power of the 
temperature. 

If hindered rotation is responsible for the band 
width, then an increase in half-band width and 
asymmetry to the high-frequency side of the band 
is to be expected with a rise in temperature if the 
barrier is comparable to kT. If the barrier is much 
higher than kT the band width is independent of 
temperature. Since the population of the J levels 
of a rotator is proportional to T^^^, one would expect 
the width of the band to vary roughly as T^^^ if free 
or hindered rotation is causing the observed breadth. 
The observed dependence of approximately T^^^ 
coupled with the lack of asymmetry seems to rule 
out this explanation for CO in oxygen. 



It has recently been suggested by Rakov in appli- 
cation to organic materials that the width of bands 
could be represented by an exponential of the form 



A.i/2=^exp (-E/RT) 



(1) 



where E is the potential barrier for reorientation of 
the molecules [8, 9]. Rakov has further indicated 
that if Brownian motion is responsible for the 
observed band widths this E should be equivalent 
to the energy of viscous flow, E'vis, which is defined 
by Glasstone, Laidler, and Eyring [10] through the 
relationship 



7j=B exp (E^JRT) 



(2) 



where rj is the viscosity of the liquid medium. Using 
the data in table 1 for the band width of the CO 
harmonic in liquid oxygen at 57 °K and 82 °K, one 
may calculate the E appearing in eq (1). This value 
of E is about a factor of two smaller than the Eyi^ 
calculated for liquid oxygen in this temperature 
range from the available data on the viscosity of 
liquid oxygen [11]. It appears therefore that this 
theory does not fit the phenomena observed in this 
study. 

Recently Buckingham [12, 13, 14] presented a 
theory to account for solvent effects on vibrational 
transitions of diatomic molecules. One of the unique 
predictions of this theory is that the (s— 1) overtone 
of a diatomic molecule should he s times as broad as 
the fundamental. The half widths observed in this 
study of the first overtone of carbon monoxide are 
decidedly smaller than the widths of the fundamental 
in these same solvent systems observed by Ewing 
[5]. This indicates the failure of Buckingham's 
theory in predicting band widths for the simple 
system carbon monoxide in nitrogen and argon 



solutions. The solvent shifts (p 



'n) observed 



for the carbon monoxide harmonic in nitrogen is 7.6 
cm"^, which is about 2.5 times the solvent shift of 
3 cm~^ for the fundamental observed by Ewing. 
Buckingham's theory as well as the earlier theory of 
Kirkwood, Bauer, and Magat [15, 16] predicts that 
the solvent shift of the harmonic should be twice 
that of the fundamental. 

In conclusion, the first overtone of carbon mon- 
oxide has been observed in condensed phases of 
oxygen, nitrogen, and argon. Both the shape and 
half width are significantly changed in the transition 
of liquid solution to solid solution, while the band 
position is not appreciably altered in the phase 
change. (Changes were not observed for the 
methane-argon system [17].) The recent theory of 
Buckingham as well as the earlier theory ascribed to 
Kirkwood, Bauer, and Magat have been found not 
to apply to these systems. No explanation is ap- 
parent for the two overlapping bands observed for 
carbon monoxide in the clear crystalline argon solid. 
The explanation of Vu et al. [4] implies that a com- 
bination band involving the fundamental band and 
a lattice mode is more intense than the respective 
fundamental. This explanation is not consistent 
with the observation of one band for the p^ vibration 
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of methane in a clear crystalline argon solid [17]. 
The variation of the half width of the 0-2 band of 
CO in liquid oxygen in the temperature range of 
57 to 82 °K cannot be readily explained with existing 
theories. 
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Selected Abstracts 

Fringe pattern of an oscillating Fabry-Perot interferometer, 

K. D. Mielenz, J. Res. NBS 68C (Eng. and Instr.), No. 2, 
73-82 (Apr.-June 1964). 

The dependence of the fringe pattern of an oscillating Fabry- 
Perot interferometer upon the vibration amplitudes is dis- 
cussed experimentally and theoretically. If the fringes of 
the stationary interferometer are wide, the fringe pattern 
tends to disappear at certain values of th(» amplitude. If 
the stationary fringes are narrow, a splitting of fringes occurs 
at certain amplitudes. In both cases, the stationary pattern 
reappears, with reduced contrast, at intermediate amplitudes. 
The practicability of using these effects for the moasurcunent 
of vibration amplitudes is discussed. 

Mean electron density variations of the quiet ionosphere 
No. 12, February 1960, J. \V. Wright, L. K. Wescott, and 
D. J. Brown, NBS Tech. Note 40-12 {Dec. 6, 1963), 35 cents. 
The CRPL has initiated a program for large-scale computation 
of electron density profiles from ionospheric vertical sound- 
ings. Scaling is performcKl at field stations, permitting com- 
putation of hourly profik^s at the Central Laboratory. Th(^s(s 
profiles are combined to form hourly mean ({uiet profiles for 
each station and month. The results of this program for 
the month of February are illustrated graphically. This 
report is i\u) twelfth of a series illustrating tlu* electron 
density variations in tlu^ mean (juiet ionospliere betwcHMi 
latitudes 15° N and 50° N along the 75° W meridian. 

A technique for extrapolating the 1 kc values of secondary 
capacitance standards to higher frequencies, R. N. Jones, 
NBS Tech. Note 201 {Nov. 5, 1963), 15 cents. 
A simple technique is d(sscribed for extrapolating thcs 1 kc 
values of certain two-terminal capacitors to higher frequencies 
without incurring serious lessees in accuracy. The method is 
intended for use Muth air capacitors having binding post or 
banana plug types connectors. Because of inhcsrent errors, 
such connectors are not appropriate for measurement where 
the highest accuracy is required. For this reason, it is recom- 
mended that calibration of this type b(^ performed by second- 
ary laboratories and not be submitted to t\m National Buresau 
of Standards. 

Thermodynamic property values for gaseous and liquid 
carbon monoxide from 70° to 300 °K with pressures to 300 
atmospheres, J. G. Hust and R. B. Stewart, NBS Tech. 
Note 202 {Nov. 80, 1963), 60 cents. 

The internal energy, entropy, enthalpy, and density of 
carbon monoxide are tabulated as functions of pressure 
and temperature from 70 to 300 °K and 0.1 to 300 atmospheres. 
A compressibility factor-pressure chart and a temperature- 
entropy chart are also included. The P-p-T values have been 
calculated using the Su principle of corresponding states 
with nitrogen as a model. Extensive comparisons are 
included, illustrating the deviations of the calculated values 
from the experimental data and from other correlated data. 
Equations representing the P-p-T surface and the vapor 
pressure are given. 

A low-pressure arc source for the emission spectrum of the 
FeO molecule, R. K. Dhumwad and A. M. Bass, Appl. Opt. 
2, No. 12, 1385 (Dec. 1963). 

The emission spectrum of FcO has been produced without 
interference from atomic iron lines. Th(s source for this 
spectrum is described. 

Dissociative ionization of H^; A study of angular distributions 
and energy distributions of resultant fast protons, G. H. 
Dunn and L. J. Kieff(T, Phijs. Rev. 132, No. 5, 2109-2117 
{Dec. 1, 1963). 

Protons with energies between 2 ev and 14 ev have been 
observed from dissociative ionization of H2 using a rotatable 



collision chamber in conjunction with a small 60 sector 
magnetic spectrometer, and using electrons with energies 
ranging from threshold to 1500 ev. The degree of anisotropy 
and its electron energy dejxMidcnee on measurements of 
cross sections and the eneig\ distribution of protons is 
investigated. The energy distribution of protons is measured 
as a function of electron energy, and (juite good agreement 
is found with predictions of the Franck-Gondon principle. 
This is in rather sharp contrast with results of previous 
investigators. 

First-order phase transition in a gas of long thin rods, R. 

Zwanzig, ./. Chem. Phys. 39, No. 7, 1714-1721 {Oct. 1, 1963). 
Onsager's prediction of a first oi'der phase transition in a gas 
of long thin rods is verified by extensive; calculations on a 
simple model. Tlu; molecules are rectangular parallelepi- 
peds, of length I and square cross section ciXr/. The long 
molecular axes can point in only three nuitually perpendicular 
dii'ections. Virial coc^fficients, up to the; scwenth, are calcu- 
lat(^d exactly as functions of orientation, in the limit /-^c», 
d^[), and /V/ = constant. Tlu; transition predictc^d by 
Onsager's theory, based on a second virial a})proximation to 
the potential of mean force in the space of relative orienta- 
tions, is observed also when all virial coc^fficients up to the 
seventh ar(^ included. The virial expansion appears to con- 
verge usefully in the vicinity of the transition. 

Gamma irradiation of polytetrafluoroethylene in chlorine, 
R. ¥.. Florin and L. A. \\'all, SPK Trans. 3, No. 4, 290-299 
{Oct. 1963). 

In chlorines polytetrafluoi'oethylene, irradiated in halogen 
atmospherc^s, decrease in ultimate tensile strength and elonga- 
tion at break almost as rapidly as in oxygen. The rate of 
dc^gradation is approximately independent of chlorine pn^ssurc 
down to about 1 mm Ilg. The phenomena can b(; (explained 
semi([uantitatively in terms of first ordcT, cage reactions of 
scission, i-ec()nd)ination, and reaction with chlorine, compli- 
cated by diffusion at low pressun^s. Tlowc^-er, all reaction 
and diffusion j^arameters nuist shift with gradual increase of 
crystallinity. 

For a given decrease of elongation at break, polytetrafluoro- 
ethylene irradiated in a vacuum retains a relatively higher 
ultimate tensile strength. In the copolymer of tetrafluoro- 
ethylene and hexafluoropropylene, the changes in ultimate 
tensile strength and (^longation at break arc^ jnuch slower 
under all conditions. Both })olytetrafluoro{*thylen(» and the 
copolymer retain appreciable tensik; strength but little elonga- 
tion up to a dose of 2X IC^r. 

The validity of crystal field theory as applied to rare earth 
ions: An analysis of the spectrum of praseodymium tri- 
chloride, J. C. lOisenstcun, Low Symposiiun oti, J'aranuu/netic 
Resonance I, 253-260 (Academic Press, Inc., New York, 
N.Y., 1963). 

The spectrum of PrCU below 25,000 cm-^ is analyze^d from 
th(^ point of view of crystal field theory. Goulomb, spin- 
orbit and crystal field interactions are taken into account. 
The Coulomb integrals, the spin-orbit coupling constant and 
the quantities A7(r'> which characterize the crystal field 
are treated as parameters. TIk; eigenvalue problem for the 
P configtiration is solved by diagonalization of the complete 
interaction matrices. 

The calculat(;d positions of the encu-gy levels are compared 
w^ith the expcn-imental results. This comparison indicates 
the exist(MiC(; of appreciable interaction between the p and 
higher configurations. Also it appears that no single set of 
crystal field parameters will give good agreement between 
c*Uculat(Hl and observed levels for all multiplets. This 
diflieulty may also be ascribable to neglect of configuration 
interaction. 

Kinetics of desorption. III. Rb+, K+, and Na+ on rhenium, 

M. D. Scheer and J. Fine, J. Chem. Phys. 39, No. 7, 1752-1755 
{Oct. 1, 1963). 
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The mean adsorption hfetimes (ra) of Rb+, K+, and Na+ 
ions on a clean polycrystalhne rhenium surface have been 
measured in the milhsecond region as a function of tempera- 
ture under conditions of very low surface coverage. The 
results of these measurements are given by 

Rb+: T3= (0.8 ± 0.3) X 10^3 exp — - — — sec, 

1000<T<1250°K; 

K+: r3= (1.0 ± 0.3) X 10-13 exp — - — — sec, 

1050<T<1260°K; 

M+ /no^n 1^^/1n 13 r3 1,900 ± SOOl 

Na+: T3=(0.2±0.1)X lO^^^ exp — '- — — sec, 

1160<r<1400°K. 

The interaction of the alkali ion with the metal surface was 
described bv a one dimensional potential function of the form 

vix)=u ri+A(-T-^(-)i - 

L m—l\x J m—\\x J J 
perpendicular distance of the adsorbed ion from the surface 
and 1+ is the observed desorption energy. By choosing the 
Pauling ionic radii Vi as the distance of closest approach to 
the surface for an ion with energy 1+ the parameters m and Ve 
were calculated for each alkali ion. It was found that the 
values of 7?^ increase and (fe — r^) decrease as the atomic number 
of the alkali ion increases. 

The reactions of methyl radicals in the solid-, liquid-, and 
gas-phase photolysis of dimethylmercury, R. E. Rebbert and 
P. Ausloos, J. Am. Chem. Soc. 85, No. 20, 3086-3089 {Oct. 20, 
1963). 

The gas-phase photolysis of CD 3 CO CD 3 has been investi- 
gated in the presence of CH3HgCH3 from 376° to 453 °K. 
From the isotopic distributions of the methane and ethane 
fractions, evidence was obtained for the occurrence of the 
reaction: 

CD3 + CH3HgCH3-CD3HgCH3-CH3 

(Eact=12.6 kcal/mole). This reaction is also postulated to 
occur in the liquid-phase photolysis of dimethyl mercury. 
From the isotopic distribution of the ethane produced in the 
liquid — and solid-phase photolysis of CHsHgCHs— CDsHg 
CD 3 mixtures, it was concluded that cage recombination of 
methyl radicals does take place. Contrary to the conclu- 
sions reached in an earlier work by Derbyshire and Steacie, 
no evidence could be obtained for hot methyl radical effects 
in the liquid-phase photolysis of dimethyl Mercury. 

Radiation-induced polymerization at high pressure of n- 
tetradecafiuoroheptene-1; 1,1,2-trifluorovinyl phenyl ether; 
and 1,2,3,4,5-pentafiuorophenyl 1,1,2-trifluorovinyl ether, 

D. W. Brown and L. A. Wall, SPE Trans. 3, No. 4, 300-308 
{Oct. 1963) . 

The radiation-induced polymerization of n-tetradecafluoro- 
heptene-1 was investigated at pressures of 8,100, 11,900, and 
17,100 atmospheres and temperatures between 90 °C and 
267 °C. Both the rate of polymerization and the molecular 
weight of the polymer first increase and then decreases as 
temperature is increased at constant pressure. The maximum 
number-average molecular weight was 28,000. The data are 
interpreted in terms of a free radical mechanism. The poly- 
mer has a low ceiling temperature. As temperature is in- 
creased the depropagation step becomes important and 
reduces the rate of polymerization. Under some conditions 
transfer seems to be a significant part of the mechanism. 
Several radiation-induced polymerizations at high pressure 
were carried out with 1,1,2-trifluorovinylphenyl ether as well 
as one with 1,2,3,4,5-pentafiuorophenyl 1,1,2-trifluorovinyl 
ether. The results suggest transfer limits the molecular 
weight of the polymers. 

On the growth of helical dislocations, R. deWit, Trans. Met. 
Soc. AIME221, 144^-1452 {Dec. 1963). 

Conclusions reached in a paper by Weertman are amplified 
in a mathematical and graphical way. It is shown that in a 



stressed crystal a straight dislocation may be in a position 
of unstable equilibrium with respect to helix develop- 
ment; how a small perturbation may start the dislocation 
off on its hehcal path. Helix development occurs by 
diffusion; bulk diffusion is necessary for development from a 
screw, but core diffusion is sufficient for development from 
an edge dislocation. For a mixed dislocation helix develop- 
ment can take place by core diffusion if the helix also climbs; 
a diffusion reversal takes place when the slope of the helix 
equals the slope of the Burgers vector. The work done on a 
crystal by the external forces is graphically shown to be con- 
sistent with the direction of motion of the dislocation in 
helix development. Finally a detailed mechanism for tangle 
formation from hehces is presented. In the course of helix 
development a glide situation may be reached where a segment 
of each helix loop lies in a shp plane in which it can expand by 
glide. Thus it is visualized how a helix can deteriorate into a 
tangle. 

A study of anthracene fluorescence excited by the ruby giant 
pulse laser, J. L. Hall, D. A. Jennings, and R. M. McClintock, 
Phys. Rev. Letters 11, No. 8, 264-366 {Oct. 15, 1963). 
The unfocused red output light of a ruby Q switched laser has 
been used to excite blue fluorescence in single crystals of 
anthracene. The intense normal singlet fluorescence coinci- 
dent in time with the laser pulse is attributed to two-photon 
processes. Second harmonic generation and reabsorption is 
ruled out on the basis of the measured low SHG efficiency of 
anthracene for the 1.06 micron output of neodymium glass Q 
switched laser. In addition, a much weaker blue fluorescence 
is still observable milHseconds after the giant laser pulse. 
This delayed fluorescence is consistent with bimolccular re- 
combination of triplet excitons. Numerical values are ob- 
tained for the four parameters of the model which describes 
the observed fluorescence. 

Knight shifts and line widths of the nuclear magnetic reso- 
nance of Pb^O' in lead-indium alloys, R. J. Snodgrass and 
L. H. Bennett, Phys. Rev. 132, I460-I474 {Nov. 15, 1963). 
The nuclear magnetic resonance of Pb^o^ was observed and 
accurately measured at room temperature and 77° K, in pure 
lead metal powder and in a series of lead-indium alloy powders 
containing up to 75% indium. Upon the addition of indium, 
the central frequency of the Pb^^^ absorption line increases 
by a small fraction of the Hne width. At 5 Mc/sec, this 
frequency shift between pure lead and 20 at. % In is 800 cps, 
compared to a linewidth of 18 kc/sec in the 20 at. % In 
sample. The increase in frequency is also a small fraction of 
the Knight shift, AA;/A:=1.3% up to 20 at. % In. In the 
cubic lead phase, the frequency shift is linear with composi- 
tion. From the temperature dependence of the linewidth, 
the spin-lattice relaxation time is found to be Ti=3.6X lO""* 
sec at 77° K. The absorption linewidth increases rapidly 
upon alloying, due to a combination of indirect spin exchange 
and pseudo-dipolar coupling. The line shape changes from 
Lorentzian to Gaussian. A second moment analysis yields 
a value for the near-neighbor exchange constant h~^|A|=2.5 
kc/sec. The pseudo-dipolar exchange constant is found to be 
h~i|B|=l.l kc/sec. The relatively large value of 0.4 for the 
ratio BA~i indicates that the amount of p-character probably 
exceeds the amount of s-character in the electron wave func- 
tions at the Fermi surface in this alloy. Volume effects which 
are comparable to the observed change in Knight shift pre- 
clude the possibility of confirming or denying the existence 
of charge oscillations of the type discussed by Friedel and 
others. 

Calculations of the potential and effective diffusion constant 
in a polyelectrolyte solution, 8. R. Coriell and J. L. Jackson, 
/. Chem. Phys. 39, 24I8 {1963). 

Numerical computations of the electrostatic potential and 
the effective diffusion constant of counterions in a periodic 
polyelectrolyte solution are reported. Some results for the 
potentials for various polyion charge densities and polyion 
sizes are presented graphically. The calculated diffusion 
constants are compared with experimental data on the diffusion 
of labeled sodium ions in polyacrylic acid-sodium hydroxide 
solutions as well as with the earlier approximate calculations 
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Recalibration of NBS standards of spectral transmittance, 

H. J. Kcegaii, J. C. Schleter, and M. A. Belknap, J. Opt. Soc. 
Am. 54, No. 1, h'f)-74 {J ax. 1964). 

In 1934, Gibson, Walker, and Brown developed sets of four 
colored glass filters to serve as working standards of spectral 
transmittance for checking tlie reliability of spectropho- 
tometers. Several sets of these glasses were measured care- 
fully and reserved and designated as future reference 
standards. Duplicate standards evaluated by comparison 
with the reference standards are availabh^. by purchase to the 
public. The current set of reference standards was established 
in the years 1945 to 1947, and one of these ref(u-ence standards 
(selenium-red) was recalibrated in 1952. This paper reports 
a recalibration, made in 1961 and 1962, of all four glasses 
(selenium-red, carbon-yellow, copper-green, cobalt-blue) on 
three spectrophotometers (Gary 14, Beckman DU, Konig- 
Martens). Except for the cobalt-blue standard, the values of 
spectral transmittance found differ from those previously 
assigned by amounts differing at some wavelengths by as 
much as or slightly more than the uncertainties (estimated 
for the present values, though, not by amounts exceeding the 
combined uncertainties of the present and previous (leter- 
minations. The indicated changes for these three standards 
are fairly regular, however, and support the view that the 
selenium-rc^d and carbon-yellow standards are changing chiefly 
by formation of a reflectance-reducing film on the surfaces. 
The indicated rate of upward drift is slow, and suggests that 
it takes about 10 years for the chift to exceed th.(^ assigned 
uncertainty. 

Surface flammability measurements by the radiant-panel 
method, A. K. Hobc^rtson, Am. Soc. Testing Mat. Spec. Tech. 
Publ. 344, 33-46 (1962). 

It is suggest(Kl that the flanuuability of solids may b(^ con- 
sidered as a function of the ratio of heat release rate to critical 
ignition energy of th(^ material being studied. Bas(Hl on this 
concept, the radiant-panel flammability test method h.as 
shown its usefulness as a n^search tool. A revi(uv is included 
of previous studies made by use of this method. 
Recently obtained experimental data an; presented which 
Illustrate the large changes in flammability which can occur 
with changes of the relative humidity of the ambient condi- 
tioning atmosphere. Data are presented wiiich suggest that 
the subsurface heat-dissipation behavior of the material under 
test may have an important influence on flammability. 
T\m paper concludes with the suggestion that, although the 
radiant pan(4 flammability test method has achiev(^d some 
recognition, it would l)e a mistake to assume that it, or any 
other t(5st method, would be idcud for prediction of the surface 
flammability hazard of all materials in all situations. 

Stress-strain relationships in yarns subjected to rapid impact 
loading. Part X: Stress-strain curves obtained by impacts 
with rifle bullets, J. C. Smith, G. A. Fenstc^rmaker, and 
P. J. Shouse, Textile Res. J. 33, 919-934 {Nov. 1963). 
When a yarn is struck trans veisely, a V-shaped wave of 
transverse motion is caused to spread outwards at a velocity 
tj dependjng upon the impact velocity V. In this research 
data on t7 vs F for impact velocities between 10 m/sec and 
700 m/sec are analyzed to determine stress-strain behavior 
in high-tenacity nylon and polyester yarns. The data are 
obtained by shooting rifle bullets at a yarn and recording 
the resulting configurations by microflash photography. 
A strain-rate-independent theory for transverse impact 
behavior is used to calculate stress-strain data. 
It was found that the time required to break a yarn de- 
pended upon the impact velocity. Nylon yarns broke 
10 msoc after impact at 650 m/sec with a calculated breaking 
strain of 10.0% and tenacity of 77 g/tex. At 495 m/sec 
velocity the yarn broke within 100 /xsec at 7.4% strain and 
52 g/tex tenacity. The corresponding values in polyester 
yarn were, for a 10-/xsec break, 620 m/sec, 10.5%, and 67 
g/tex; for a lOO-Msec l)reak, 420 m/sec, 6.5%, and 40 g/tex. 

Wavelength of Hg' '^ Zeeman filter relative to that of the 
2537-A absorption line of an atomic beam, W. G. Schweitzer, 
Jr., and K. G. Kessler, /. Opt. Soc. Am. 53, No. 12, 1382-1388 
{Dec. 1963). 



We have made a precise comparison of the wavelength passed 
by a Hgi"^ Zeeman filter with that of the 2537-A absorption 
line of an atomic beam. This was done by passing the 
light from tlie filter through the atomic beam and then 
comparing the amplitudes of the two peaks in the resulting 
reversed lines. A calibration was obtained by measuring 
the ratio of peak amplitudes with the beam tilted at various 
angles to the optic axis so as to introduce known Doppler 
shifts. The wavelengths of the Zeeman filter and atomic 
beam are shown to be equal to about one part in 10^ 

Numerical solutions of the convolution-hypernetted chain 
integral equation for the pair correlation function of a fluid. 

I. The Lennard-Jones (12, 6) potential, M. Klein and 
M. S. Green, /. Chem. Phifs. 39, No. 6, 1367-1387 {Sept. 15, 
1963). 

The integral equation of the convolution-hypernetted chain 
approximation is solved numerically at five temperaturc^s 
for the Lennard-Jones (12, 6) potential. Due to an incon- 
sistency in the approximation there are two equations of 
state associated with it. These are compared with each 
other, with other theories, and with the experimental argon 
equation of state. At high temperatures, the two equations 
of state agree both with experiment and with more a priori 
theory at low densities and bracket them at higher densities, 
their mean giving a good representation of both. The integral 
eciuation is found to be singular at certain temperaturo 
density points, their locus forming a dome sluiped curv(^ in 
th',; T-p plan(\ These })oints are shown to coi-respond to the 
limits of metastability in the van der Waals gas, tlu^ highest 
temperature point being the critical point. Th.(^ nonsingular 
points below the critical point correspond eitlier to a homo- 
geneous gas (low densities) or liquid (high dc^nsities) phase. 
Th(^ former are in good agreenu^nt with the thre(^-term 
virial series, as expect(Kl, and the latter are a considerable 
im{)rovement over it. The ecjuation of state is a considerable 
improvement over that obtain(;d from tlu^ Born-Green 
e([uation by Kirkwood, Lewinson, and Alder, th(^ latter 
predicting negative pressures ov(^r most of tlu^ liquid range 
while these results show only positive pressures. The 
comparisons with experiment are obscured by the inadequacy 
of the (12, 6) potential function. The use of temperature 
''compensated" potential paranu^tc^rs (as d(itermined by the 
second virial coefficient) indicates that the use of a more 
reasonable potential function in the theory will give a 
relatively good representation of the equation of state of a 
a fluid over a wide range of temperatures and densities. 

The three-body scattering operator in nonequilibrium 
statistical mechanics, J. Weinstock, Phys. Rev. 13*^, No. 1, 
470-482 {Oct. 1, 1963). 

A method is presented for calculating the time dependent 
irreducible clusters — /3.,(0 — which app(^ar in the kernel of the 
equation of (^volution flerived in the preccnling article. The 
clusters ^i{t) and (32{t) — which correspond to binary and 
ternary coflisions, respectively — are calculated in detail. 
They are each found to divide into the two following parts: 
(1) a "completed" collision part which corresponds to those 
collisions completed before time t, and (2) an ''incomph^ted" 
part which corresponds to those collisions not completed by 
time t. The incompleted collision parts contribute to the 
"memory" of the equation of evolution and are shown to be 
relatively small w^hen t is large. The completed collision 
parts, which play a central role in the theory of transport 
coefficients, are time independent scattering operators in 
momentum space and do not contribute to the memory. By 
means of the "binary collision expansion" a systematic 
method is presented for the calculation of the three-body 
scattering operator [hm t~^(S2{t)] which is directly applicable 

<-> CO 

to interaction forces Avith infinite repulsions. An approxi- 
mate formula is then derived for this scattering operator in a 
form which can be readily used to calculate the density cor- 
rection to transport coefficients which arises from ternary 
collisions. 

Macro-pores in leather as determined with a mercury 
porosimeter, J. R. Kanagy, /. Am. Leather Chemists Assoc. 
LVIII, No. 9, 524-550 {Sept. 1963). 
A study was made of the pore structure in leather and in other 
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porous materials with a mercury porosimeter at absolute 
press un^s ranging from 5 to 3000 psi. Pore radii correspond- 
ing to tliese pressures vary from 50 to 0.04 microns. This 
range is icIVi icd to as the macro-pore range. Leather and 
other natural collagenous materials were compared to micro- 
porous plastics and fritted-glass discs. The results indicate 
that a characteristic pore structure giving rise to many 
different-sized pores related to the fibrous structure exists in 
heather, whereas the pores in manufactured materials which 
are designed for a specific use are more uniform in size. A 
(Ufferential analysis of the integral volume-pressure curves 
indicates that a large part of the pore volume of collagenous 
materials in the form of hides occurs at radii of 5 to 0.5 
microns. For rat tail tendons, a large fraction of the pore 
volume exists for pores in close proximity to this, 2.5 to 0.5 
microns. The pores which constitute these volumes are 
believed to exist between the primitive fibers. The volume 
from pores smaller than 0.25 micron in radius very probably 
are within the fibril region. 

Cluster formulation of the exact equation for the evolution 
of a classical many-body system, J. Weinstock, Phys. Rev. 
132, No. 1, 4'54-469 (Oct. 1, 1963). 

An exact non-Markoffian equation is derived for the evolution 
of an infinite homogeneous system. This equation- — which 
may be viewed as a time dependent analogue of the equilib- 
rium virial expansion^ — may be readily applied when the 
forces between particles include infinite repulsions. The 
derivation of this equation from Liouville's equation is analo- 
gous to Mayer's derivation of the virial expansion from the 
partition function. Fourier expansions and expansions in 
powers of the interaction potential are avoided by dealing 
with s-body Green functions (propagators) which are always 
convergent functions of the interaction potential. These 
functions correspond to multiplet collisions in ordinary 
configuration space and are time dependent analogues of the 
irreducible clusters well-known in equilibrium statistical 
mechanics. 

The kernel (memory) of the equation of evolution consists of 
a linear sum of the time dependent irreducible clusters. The 
non-Markoffian behavior of the equation of evolution is, 
thus, directly given by the time dependence of these clusters, 
and is explicitly related to incompleted colhsions. The 
equation of evolution is solved in the asymptotic limit of 
long times. In this limit it is found (because the kernel 
rapidly vanishes) that the equation reduces to a Markoffian 
master equation involving a scattering operator for both 
completed and incompleted collisions in configuration space. 

An analysis of pressure and stress distribution under rigid 
Bridgman-type anvils, J. W. Jackson and M. Waxman, 
Book, High-Pressure Measurement, pp. 39-58, ed. Giardini 
and Lloyd (Butterworth, London, England, 1963). 
Analytical expressions are derived for the pressure and stress 
distribution in a short cylinder compressed by Bridgman 
type anvils, assuming the anvils to be rigid plates. The 
short cylinder is considered to be composed of an inner 
cyhnder bound by an outer shell. The deformation for each 
may be elastic or plastic. 

Interaction energies and transport coefficients of Li + H and 
O-f-H gas mixtures at high temperatures, P. H. Krupenie, 
E. A. Mason, and J. T. Vanderslice, /. Chem. Phys. 39, No. 10, 
2399-2408 {Nov. 15, 1963). 

Accurate potential energy curves for the X^2;+, N^Ht, B^IT^, 
and C^IIm states of the Li2 molecule are calculated from 
observed spectroscopic data by the method of Rydberg- 
Klein-Rees (RKR), and compared with previous quantum- 
mechanical calculations. Long-range attractive potentials 
are estimated by extrapolation of functions fitted to the 
RKR ground-state curves of Li2, LiH, and OH. From 
these, the repulsive potentials derivable from interacting 
ground-state atoms are estimated semieropirically. Collision 
integrals computed from the potentials, and transport 
coefficients of the gaseous systems Li + Li, Iji + H, and + H 
are calculated for temperatures of 1000 to 10,000 °K. 
A surprising rc^sult is the extraordinarily large values of the 
collision integrals for Li + Li (and Li + H) interactions, 
which result in unexpectedly small values of diffusion 
coefficient, viscosity and thern:al conductivity. For traces 



of Li in Li + H mixtures at low temperature, the thermal 
diffu^rion factor is very large. Various approximate formulas for 
viscosity and thermal conductivity of mixtures are seen to 
give poor agreement with exact calculations for the systems 
considered. 

Inertial effects in the phenomenological theory of thermal 
diffusion in liquids, R. E. Nettleton, // Nuovo Ciniento 38, 
Serie X, 952-969 (Dec. 7, 1962). 

The energy flux carried by diffusing molecules in a binary 
liquid solution is shown to obey a rate equation linking 
its time rate of change to energy-exchange and particle- 
scattering terms and to driving terms proportional to the 
temperature and concentration gradients. This equation 
together with a similar equation for the energy flow carried 
by high-frequency sound waves, is written in terms of 
thermodynamic forces which, are assumed linear in the two 
heat flux components, and it is found that these forces may 
be calculated by interpreting the rate equations as ther- 
modynamic phenomenological relations and then applying 
Onsager's theorem and Maxwell's relations. From the 
forces, one can determine explicitly the dependence of the 
free energy per molecule A on the energy flux vectors and, in 
the limit of low acoustic frequencies, the dependence of A on 
the square of the concentration gradient. The low-frequency 
limits of the rate equations also give an expression for the 
thermal diffusion coefficient. 

Mass spectra and metastable transitions of HoS, HDS, and 

D2S, V. H. Dibeler and H. M. Rosenstock, /. Chein. Phys. 
39, No. 11, 3106-3111 {Dec. 1, 1963). 

Mass spectra are reported for isotopic hydrogen sulfides. 
The occurrence of metastable transitions and the effect of 
isotopic substitution on the relative abundance are discussed. 
Appearance potcmtial are given for the molecule and frag- 
ment ions in H28, the molecule ions of HDS and D2S, and the 
principal metastable transition in each species. The latter 
process is interpreted as resulting from electronic transitions 
rather than from vibrational relaxation processes. 

Spectrum of Nd^^ in LaCl^, J. C. Eisenstein, /. Chem. Phys. 
39, No. 9, 2134-2140 (Nov. 1, 1963). 

The energy levels of the Nd3+ ion in LaCls are calculated by 
finding the eigenvalues of the matrices for the combined 
Coulomb, spin-orbit and crystal field interactions within the 
P configuration. By judicious choice of the three Slater 
integrals and the spin-orbit coupling constant the standard 
deviation between the calculatecl and the experimental posi- 
tions of 21 terms can be reduced to 93 cm~i. Crystal field 
parameters can be chosen which yield a standard deviation 
of 0.90 cm~i between the calculated and the measured split- 
tings of 31 levels in 7 terms. The calculated Zeeman split- 
ting factors in the direction parallel to the crystal axis are in 
good agreement with the measured values. 

Two assumptions in the theory of attractive forces between 
long saturated chains, R. Zwanzig, J. Chem. Phys. 39, No, 
9, 2251-2258 {Nov. 1, 1963). 

A recent calculation by Salem of the attractive forces be- 
tween two long parallel hydrocarbon chains was based on two 
assumptions: (1) local pairwise additivity of dispersion forces 
between individual groups on each chain, and (2) local iso- 
tropy of the polariz ability of a group on the chain. The 
validity of these; assumptions is assessed here by means of a 
Drude model calculation of the interaction between two 
parallel linear lattices of dispersion oscillators. We con- 
clude that the assumptions are not valid, because of strong 
induced dipole interactions between neighbors along the 
chain. Salem's numerical results are essentially correct, how- 
ever, due to use of an experimentally determined bond polar- 
izability at a crucial stage of the calculation. This allowed 
for the effects of interactions between neighbors. 

Binary mixtures of dilute bose gases with repulsive inter- 
actions at low temperatures, D. M. Larsen, Ann. Phys. M, 
89-101 {Oct. 1963). 

This work is a theoretical investigation of the behavior of 
mixtures of two species of bosons with repulsive interactions 
at temperatures in the neighborhood of absolute zero. Using 
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the Bogoliuboy approximation and a novel canonical trans- 
formation w(! investigate the excitation spectra, ground state 
energy, excitation wave functions, and ground state pair 
correlation function of the mixture, valid for interactions of 
short range, in the low density limit. 

A criterion for phase separation is given and varified thermo- 
dynamically for the case in which the intcn-actions among th.e 
particles can be replaced by the two body S-wave pseu- 
dopotential. It is showm that two dilute hard sphere bose 
gases of different mass do not mix in any proportions at 
absolute zero. 

Statistics of irreversible termination in homogeneous anionic 
polymerization, B. D. Coleman, F. Gornick, and CI. Weiss, 
/. Cheni. Phys. 39, No. 12, 3233-3239 (Dec. 15, 1963). 
The effect of irreversible termination on thc^ molecular weight 
distribution of a polymer prepared by homogeneous anionic 
polymerization is examined for cases in w^hich the initiator 
is monofunctional and initiation is instantaneous. A g(uieral 
procedure for the calculation of the chain k^igtli distrilnition, 
as well as its moments, is presented. The procedure is then 
illustrated by an exact treatment of an isothermal batch 
polymerization for which we obtain the ratio ra{t) of the 
weight to number average molecular weights as a function 
of the fraction of monomer consumed, th(^ ratio a of the 
initial terminator concentration to that of the initiator, the 
ratio p of the rate constant for termination to th(^ rate con- 
stant for propjigation, and the average degree; of polymeriza- 
tion at time t, n^ (t). 

When o- is much less than miity, and the limiting number 
average D.P. 7i^{<^) is very large, r^{t) approaches the follow- 
ing value as the reaction nears completion: ?v(oo) = l + o-p 
(2 + p)-^ 

The structure of gaseous copper (II) nitrate as determined 
by electron diffraction, II. K. LaViUa and S. II. J^rauer, 
J. Am. Chcui. Sor. 85, 3597~3f>()() (\ov. 1963). 
Anhydrous copper nitrate has a sufficient vapor pn^ssure at 
180-200 °C to permit the recording of electron diffraction 
photographs. That this gas is monomeric has been demon- 
strated by Addison, et oL, by means of vapor density meisure- 
ments and confirmed with mass spectrometry; its range of 
stability has also been ascertained. 

Visually estimated intensities were used for the inversion to 
a radial distribution, and were compared with computed 
intensity curves for many models. The; analysis indicatt^s 
the molecular structure of gaseous copper nitrate to be of 
the bidentate form with the copper atom occupying the 
center of inversion. The central copper atom has four 
nearest oxygen atoms at 2.00 itO.()2A, and two Cu-N 
distances of 2.30 d=0.03A, <0-N-0 = 12()° ±2° and <0-Cu- 
O~70°. The errors shown are mean deviations. 

Spectrum of Er^^ in LaClj, J. C. Eisenstein, /. Chem. Phys. 
39, No. 9, 2128-2133 {Nov. 1, 1963). 

The energy levels of the Er3+ ion in LaCls are calculated by 
finding the eigenvalue's of the matrices for the combined Cou- 
lomb, spin-orbit and crystal field interactions within the 
P^ configuration. For suitably chosen values of the three 
Slater integrals and the spin-orbit coupling constant the 
root-mean-square (rms) deviation between the calculated and 
the experimental positions of 20 terms is 140 cm~^ Crystal 
field parameters can be chos(Mi which reduce the rms deviation 
between the calculated and the; measured splittings of 72 levels 
to 3.84 cm~^ Zeeman splitting factors in the direction 
parallel to the crystal axis arc; also calculated. The results for 
Er3+ in LaCl3 are compared with those for Ncl^^ in LaCly. 

Large-angle inelastic scattering of 500-kev electrons, J. W. 

Motz and H. C. J^acious, riii/s. lUv. 13*^, No. 3, 1120-1122 
{Nov. 1, 1963). 

Experimental results arc^ given for the energy spectra of 
electrons inelastically scattered at 100 degre(\s, with 500 kev 
electrons incident on thin targets of gold and of aluminum. 
This large angle inelastic scattering arises primarily from the 
two processes of bremsstrahlung and of atomic K-shell 
ionization with a small contribution from double or plural 
scattering effects. In the 300 kev energy region for the scat- 
tered electron, the sum of the theoretical cross sections 



evaluated with the Born calculations of Racah and of Weber, 
Deck, and Alullin for the respective two proc(\sses is approxi- 
mately an order of magnitude smaller than the experimental 
values. This disagreement can be attributed to the break- 
down in this energy region of both the high energy approxima- 
tion in the latter calculation and the Born approximation in 
both calculations. 

Investigation of shallow reference cavities for high-tempera- 
ture emittance measurements, 1). C. Moore {Symp. Mcasurr- 
ment of Thermal liadiaiion Propertie.s of Solids, Dai/ion, Ohio, 
Sept. 5-7, 1962), Natl. Aeron. and Space Admin. SP 31, 
Session V, Paper 52, p. 515 {1963). 

Total normal emittance measurements were made on small 
specimens with shallow reference holes of circular cross section. 
The ratio of the radiant flux density from the surface to the 
flux density from the hole was measured and this value then 
converted to emittance by a theoretical expression based on 
hole dimensions. The expression ai)plies only to diffusely 
reflecting materials. 

Measurements were made on four different diffusely reflecting 
materials. Specimens of oxidized nick(d that had reference 
holes with depth-to-radius ratios of 1.7 to 3.7 gave corrected 
total normal emittance values at 1350° K in the range 0.85 
to 0.87. The emittance of oxidizc^d Inconel, when determined 
for a specimen with a reference hole having a depth-to-radius 
i-atio of 1.7, was found to be in good agreement with values 
obtained by a heated strip method. The enn"ttance measure- 
ments on four sintered alumina specimens varied from 0.43 
to 0.47 when measured in air at 1375° K. 

The determined emittance for a polished specimen of high- 
puritv graphite with a shaUow reference hole increased with 
temperature linearly from 0.59 at 1100° K to 0.74 at 2150° K. 
These values were in good agreement with those reported for 
polished gi'aphite when measured by the i-otating specimen 
method. 

An approach to thermal emittance standards, J. C. Richmond, 
W. S". Harrison, and V\ J. Shorten {Synip. Measurement of 
Thermal Radiation Properties of Solids, Dayton, Ohio, Sept. 
5-7, 1962), Natl. Aeron. and Space Admin. SP-31, Session 
fV, Paper 41, p. 403 {1963). 

A doul)le-b(^am ratio-recording infrared spectrometer was 
modified to record dii'ectly the normal spectral emittance of 
strip specimens tliat aic heated by passing a current thiough 
them. A lal)()rat()ry blacklxxly furnace and a hot specimen 
at the same temperature ser've as sources for the respective 
beams. Temperature ('(pialization is achieved by means of a 
differential thermocouple. Automatic data-processing equip- 
ment corrects for ''zero-line" and "1()0%-Iine" errors on the 
basis of previously-recoi'ded calibrations, and also computes 
from the spectral data, as the measurement progresses, total 
emittance or absorptance for radiant efiergy hji\ing any 
known spectral distribution of flux. 

Broadening of the v,^ lines of HCN due to argon, carbon di- 
oxide, and hydrogen chloride, U. J. Thihault, A. (I. Maki, 
and E. K. Plyler, J. Opt. Soc. Am. 53, No. 11, 1255-1258 

{Nov. 1963). 

The pressure broadening effect of argon, carbon dioxide, and 
hydrogen chloride on the v,i banfl of HCN has been measured. 
The broadening effects of the different gases are found to be 
in qualitative agreement with th(^ theory. Of particular 
importance is the observation of an oscillatory behavior in 
the J dependence of the line haff width for HCH HCN. 
This oscillatory behavior is explained as due to a dipoh;- 
dipole interaction for which the large differences between the 
rotational levels of perturber and absorber molecules causes 
some levH^ls to be in resonance while others are not. 

Other NBS Publications 

J. Res. NBS 68C (Eng. and Instr.), No. 2 (Apr.-June 1964), 
75 cents. 

Fringe pattern of an oscillating Fabry-Perot interferometer. 

K. D. Mielenz. (See above abstracts.) 
Interferometer for testing extended surfaces such as surface 

plates and precision ways. J. B. Saunders and J. V. 

McDermott. 
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Ferrimagnetic resonance in polycrystalline ferrite and garnet 
disks at L-band frequencies. W. E. Case, R. D. Harring- 
ton, and L. B. Schmidt. 

Changes in the influence of atmospheric humidity during 
fatigue of an aluminum alloy. J. A. Bennett. 

The theory of a stable high-speed externally pressurized 
gas-lubricated bearing. H. Sixsmith and W. A. Wilson. 

Infrared spectra of asphalts: some aspects of the changes 
caused by photooxidation. P. G. Campbell and J. R. 
Wright. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68D, No. 2 
(Feb. 1964), $1.00. 

Generation of an electromagnetic pulse by an expanding 
plasma in a conducting half-space. A. P. Stogryn and 
R. N. Ghose. 

Impedance of a monopole antenna with a radial-wire ground 
system on an imperfectly conducting half-space, part II. 
S. W. Maley and R. J. King. 

Capacitor type biconical antennas. J. Galejs. 

Simulated angular response patterns for transhorizon propa- 
gation. J. W. Strohbehn and A. T. Waterman, Jr. 

Radio-star scintillations from ionospheric waves. J. W. 
Warwick. 

lonosonde studies of some chemical releases in the ionosphere. 
J. W. Wright. 

Diurnal changes and transmission time in the artic propaga- 
tion of VLF waves. W. T. Blackband. 

Geometrical optics convergence coefficient for the whistler 
case. J. H. Crary. 

Comments on a paper '^Collisional Detachment and the For- 
mation of an Ionospheric" by E. T. Pierce. H. R. Arnold. 

The quasi-longitudinal approximation in the generalized 
theory of radio wave absorption. R. F. Benson. 

Diurnal phase variation of VLF waves at medium distances. 
H. Volland. 

Application of diffractions by convex surfaces to irregular 
terrain situations. H. T. Dougherty and L. J. Maloney. 

Effect of lossy earth on antenna gain. R. J. Coe and W. L. 
Curtis. 

Propagation of radio waves with frequency 99.9 Mhz as a 
function of the vertical structure of the atmosphere de- 
rived from daily radiosonde observations. G. P. A. Braam. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68D, No. 2 
(Mar. 1964), $1.00. 

An interpretation of rapid changes in the phase of horizontally 

polarized VLF waves recorded at night over a short path 

in the southwestern United States. E. E. Gossard and 

M. R. Paulson. 
Precise phase and amplitude measurements on VLF signals 

propagated through the Arctic zone. F. H. Reder, C. J. 

Abom, and G. M. R. Winkler. 
On the long term phase stabihty of the 19.8 kc/s signal 

transmitted from Hawaii, and received at Boulder, Colorado. 

A. H. Brady. 
Oblique propagation of groundwaves across a coastline. 

Part III. J. R. Wait. 
Impedance of a monopole antenna with a radial-wire ground 

system on an imperfectly conducting half space, Part III. 

S. W. Maley and R. J. King. 
A simplified theory of diffraction at an interface separating 

two dielectrics. J, Kane and S. N. Karp. 
Variational solution for the admittance of long cylindrical 

antenna. R. A. Hurd. 
Admittance of annular slot antennas radiating into a plasma 

layer. J. Galejs. 
Propagation of plasma waves in a ''spoke-wheel" magnetic 

field. R. L. Liboff. 
An experimental investigation of signal strength in the area 

around a transmitter's antipode. R. M. Pipp and J. B. 

Webster. 
Relationship between simultaneous geomagnetic and iono- 
spheric oscillations. H. Rishbeth and O. K. Garriott. 



Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68D, No. 4 (Apr. 
1964), $1.00. 

Some basic microwave phase shift equations. R. W. Beatty. 

A light-modulated scattering technique for diffraction field 
measurements. A. M. Vural and D. K. Cheng. 

Radiation from an aperture in a coated plane. C. M. Knop 
and G. I. Cohn. 

Impedance of a cylindrical dipole having a sinusoidal current 
distribution in a homogeneous anisotropic ionosphere. W. 
S. Ament, J. C. Katzin, M. Katzin, and B. Y.-C Koo. 

Propagation of electromagnetic waves through a continu- 
ously varying stratified anisotropic medium. G. H. Price. 

Lunar semi-diurnal tides in h^F and their influence on trans- 
equatorial radio progapation. J. A. Thomas. 

Some statistical parameters related to the Nakagami-Rice 
probability distribution. W. R. Burns. 

The U.S. National Committee Report for Commission 6 of 
URSI. Subcommission 6.3, Electromagnetics. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68D, No. 5 (May 

1964), $1.00. 
URSI National Committee Report, XIV General Assembly, 
Tokyo, September 1963: 

Commission 1. Radio measurement methods and 
standards. 

Commission 2. Tropospheric radio propagation. 

Commission 3. Ionospheric radio. 

Commission 4. Magnetospheric radio. 

Commission 5, Radio ancl radar astronomy. 

Commission 7. Radio electronics. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68D, No. 6 (June 
1964), $1.00. 

Electrical properties of sea ice at 0.1 to 30 Mc/s. F. L. Went- 
worth and M. Cohn. 

ELF and VLF waves below an inhomogeneous anisotropic 
ionosphere. J. Galejs. 

The effects of a small local change in phase velocity on the 
propagation of a VLF radio signal. D. D. Crombie. 

Auroral-zone absorption effects on an HF arctic propagation 
path. R. D. Hunsucker. 

Amplitude-probability distribution of atmospheric radio 
noise. P. Beckmann. 

An approximate method for computing diffraction patterns 
caused by ionospheric irregularities. R. Gagnon. 

Wave propagation in stratified random media. Y. M. Chen. 

Radar scattering from coated perfect conductors: applica- 
tion to the semi-infinite cone and use of exact eikonah 
H. tiberall. 

Methods for the dynamic calibration of pressure transducers, 
J. L. Schweppe, L. C. Eichberger, D. F. Muster, E. L. 
Michaels, and G. F. Paskusz, NBS Mono. 67 (Dec. 12, 
1963), 60 cents. 

Curves of input impedance change due to ground for dipole 
antennas, L. E. Vogler and J. L. Noble, NBS Mono. 72 
(Jan. 31, 1964), 35 cents. 

Radioactivity, Recommendations of the International Com- 
mission on Radiological Units and Measurements, NBS 
Handb. 86 (Nov. 29, 1963), 40 cents. (This publication 
supersedes parts of H78. Handbooks 84 through 89 extend 
and largely replace H78.) 

Safety standard for non-medical x-ray and sealed gamma-ray 
sources, Part I. General, NBS Handb. 93 (Jan. 3, 1964), 
30 cents. 

Weights and measures standards of the United States, a brief 
history, L. V. Judson, NBS Misc. Publ. 247 (Oct. 1963), 
35 cents. (Supersedes Sci. Paper No. 17 and Misc. Publ. 
64). 

Survev of the literature on safety of residential chimneys and 
fireplaces, H. Shoub, NBS Misc. PubL 252 (Dec. 17, 1963), 
15 cents. 

Report of the 48th National Conference on Weights and 
Measures 1963, NBS Misc. Publ. 254 (Dec. 30, 1963), 75 
cents. 

Vitreous china plumbing fixtures, CS20-63, 20 cents. (Super- 
sedes CS20-56). 
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Grading of a diamond powder in sub-sieve sizes, C.S. 261-63, 

10 cents. (Supersedes in part CS123-49). 
Vises (machinists' and other bench-mounted vises), SPR 

229-63, 10 cents. (Supersedes R229-48). 
Forms for two-wav concrete joist floor and roof construction, 

SPR 265-63, 5 "^cents. 
Gypsum board products, SPR 266-63, 10 cents. 
Photometrv of projectors at the National Bureau of Stand- 
ards, L.'^Chernoff, NBS Tech. Note 198 (Dec. 17, 1963), 

25 cents. 
BOUMAC, A macro-programming system for scientific com- 
putation, J. H. Devenney and J. J. Sopka, NBS Tech. 

Note 203 (Dec. 18, 1963), 30 cents. 
Calculations of the field near the apex of a wedge surface, 

J. R. Wait and C. M. Jackson, NBS Tech. Note 204 (Nov. 

21, 1963), 45 cents. 
The normal phase variations of the 18 kc/s signals from NBA 

observed at Frankfurt, Germany, A. H. Brady, A. C. 

Murphy, and D. D. Crombie, NBS Tech. Note 206-1 

(Dec. 8, 1963), 25 cents. 
Solar heating, radiative cooling, and thermal movement — 

their effects on built-up roofing, W. C. Cullen, NBS Tech. 

Note 231 (Dec. 16, 1963), 25 cents. 
A redetermination of some optical properties of calcium 

fluoride, I. H. Maltison, Appl. Opt. 2, No. 11, 1103-1107 

(Nov. 1963). 
Colorimetric method for mc^asuring polyester degrachition due 

to weathering, V. i^]. Gray and J. R. Wright, J. Appl. 

Polymer Sci. 1, 2161-2174 ^^63). 
Optical T-bench method for measurcMuent of optical path 

differences F. F. Waslier and W. R. Darling, SPIE J. 1, 

211-217 (Sept. 1963). 
Auroral-zone observations of infrasonic pressure waves related 

to ionospheric disturbances and geomagnetic activity, 

W. H. Camp})en and J. M. Young, J. Geophvs. Res. 68, 

No. 21, 5909-5916 (Nov. 1, 1963). 
Programmed maneuver-spectrum fatigue tests of aircraft 

beam specimens, L. Morclfin and N. Halsey, ASTM STP 

Symp. Fatigue Tests of Aircraft Structures, No. 338, 

251-272 (Sept. 1963). 
Differential diek.^ctric apparatus for determining wat(^r added 

to solvents, W. C. Wolfc^ Anal. Cheni. 35, 1884-1887 (Nov. 

1963). 
Radio star scintillations and spnuid-F echoes, II. J. A. Chivers, 

J. Atmospheric and Terrc^st. Phys. 25, 468-473 (Aug. 1963). 
Some derivatives of 2,2'-(phenylimino)diethanol, A. Colien 

and R. S. Tipson, J. Med. Clieni. 6, 822-824 (1963). 
Effect of hydrogen-hvdrogcui exchanges collisions, P. L. 

Bender, Phys. Rev. 132, No. 5, 2154-2158 (Dec. 1, 1963). 
The Pythagorc^an theorem in certain symmetry classes of 

tensors, M. Marcus and H. Mine, Trans. Am. Math. Soc. 

104, No. 3, 510-515 (Sept. 1962). 
Error bounds for first approximations in turning-point prob- 
lems, F. W. J. Olver, J. Soc. Indust. Appl. Math. 11, No. 

3, 748-772 (Sept. 1963). 
Numerical solutions of the convolution-hypernetted chain 

integral equation for the pair correlation function of a fluid. 

TI. The hard-sphere potential, M. Klein, J. Chem. Phys. 

39, No. 6, 1388-1397 (Sept. 15, 1963). 
Comparison of the 3-out-of-7 ARQ with Bose-Chaudhuri- 

Hocquenghem coding systems, M. Nesenbergs, IEEE 

Trans. Commun. Systems CS-11, No. 2, 202-212 (June 

1963). 
Form and angular distribution of proton groups at about 

Q=0 Mev in the proton spectra of (d,p) reactions of heavy 

nuclei, J. Pfleger, U. Schmidt-Rohr, V. Spiegel, P. Turek, 

and W. Zuckschwerdt, Nuclear Phvsics 48, No. 1, 22-32 

(Sept. 1963). 
Galvanic currents observed during outdoor exposure of an 

iron-nickel cell. A progrc^ss report (AES Research Project 

No. 19), F. Ogburn and R. L. Myklebust, 50th Annual 

Tech. Proc. American lOlectroplaters Society, pp. 24-28 

(1963). 
Determination of propylene in ethylene-propylene copolymers 

by infrared spectroscopy, J. I^]. Brown, M. Tryon, and J. 

Mandel, Anal. Chem. 35, 2172-2176 (Dec. 1963). 
Syntactic integration carried out mechanicaUv, I. Rhodes, 

Inform. Storage and Retrieval 1, 215-219 (1963). 



A method for localized variation of the paths of two paraxia^ 
rays, L. E. Sutton, Appl. Opt. 2, No. 12, 1275-1280 (Dec. 
1963). 

Scheme for obtaining integral and fractional multiples of a 
given radiance, D. E. Erminy, J. Opt. Soc. Am. 53, 1448- 
1449 (Dec. 1963). 

Pitfalls in thermal emission studies, W. N. Harrison (Symp. 
Measurement of Thermal Radiation Properties of Solids, 
Dayton, Ohio, Sept. 5-7, 1962), Natl. Aeron. and Space 
Admin. Sp-31, Session 1, Pai)er 1, p. 3 (1963). 

Foundations of the Caflawav theory of thernud conductivity 
R. E. Nettleton, Phys. Rev. 132, No. 5, 2032-2038 (Dcc^ 
1, 1963). 

Wavelength passed by Hgis'« Zeeman-split absorption filter, 
W. G. Schweitzer, Jr., J. Opt. Soc. Am. 53, No. 11, 1250- 
1252 (Nov. 1963). 

Status of frequency and time control, W. D. CJeorge, Fre- 
quency 1, 27-29 (Nov.-Dec. 1963). 

Effect of rate loading, time of trituration and test tempc^rature 
on compressive strength value of dental amalgam, H. J. 
Caul, R. Longton, W. T. Sweeney, and G. C. Paffenbarger, 
J. Am. Dental Assoc. 67, 670-678 (Nov. 1963). 

The method for mechanical translation used by the National 
Bureau of Standards group and the structure^of its machine 
glossary, I. Rhodes, Am. Documentation Inst. 26th Annual 
Meeting, pp. 23-24 (Chicago, 111., Oct. 1963). 

Temperature measurements below 1000° K (Abstract), J. L. 
Riddk; (Symp. Measurement of Thermal Radiation Proper- 
ties of Solids, Dayton, Ohio, Sept. 5-7, 1962), Natl. Aeron. 
and Space Admin. SP-31, Session 1, Papc^r 2, p. 11 (1963). 

p:\ vibration of mc^thane in conchnised oxygen, nitrogen, and 
argon, S. Abramowitz and H. P. Broidaj J. Chem. Phys. 39, 
No. 9, 2383-2384 (Nov. 1, 1963). 

On the redefinition of the second and the velocity of hglit. 
G. E. Hudson and W. Atkinson, IEEE Trans. Instr. 
^ Measurement IM-12, No. 1, 44-46 (June 1963). 

Computed transmission spectra for 2.7-micron H^O band, 
D. M. Gates, R. F. Calfee, and D. W. Hansen, Appl. Opt. 

^^ 2, No. 11, 1117-1122 (Nov. 1963). 

Thermal radiation properti(\s of solids at low temperatures, 
R. J. Corruccini (Symp. Measununent of Th(^rmal Radia- 
tion Properties of Solids, Dayton, Ohio, Sept. 5-7, 1962), 
Natl. Aeron. and Space Admin. SP-31, Session II, Paper 4, 
p. 33 (1963). 

Periodic heat flow in a hoUow cylinder rotating in a furnace 
with a viewing port, B. A. Peavy and A. (;. Eubanks (Symp. 
Measurem(^nt of Thermal Radiation Properties of Solids, 
Dayton, Ohio, Sept. 5-7, 1962), Natl. Ac^-on. and Space 
Admin. SP-31, Session V, Paper 56, p. 553 (1963). 

A mechanism for the production of certain typ(^s of V(u\y-low- 
frequency emissions, S. F. Hansen, J. Geophvs. Res. 68, 
No. 21, 5925-5935 (Nov. 1, 1963). 

Recent advances in cryogenic engineering, Cryogenic Engi- 
neering Laboratory, NBS, Boulder, Chemistry 38, 8-15 
(Oct. 1963). 

Method for comparing two nearly equal potentials directly in 
parts per milhon, C. J. Saunders, Rev. Sci. Instr. 34, No. 
12, 1452-1453 (Dec. 1963). 

Highly ionized atoms: The configurations s'^p'^{n = l, 2, 4, 5), 

F. Rohrlich and C. Pecker, Astrophys. J. 138, No. 4, 
1246-1261 (Nov. 15, 1963). 

A plasma instability resulting in field-aligned irregularities in 

the ionosphere, D. T. Farley, Jr., J. Geophys. Res. 68, 

6083-6097 (Nov. 15, 1963). 
Faraday effect in semiconductors, I. M. Boswarva, R. E. 

Howard, and A. B. Lidiard, Proc. Royal Soc. A269, 125-141 

(1962). 
Plasma resonances in the upper ionosphere, W. Calvert and 

G. B. Goe, J. Geophys. Res. 68, No. 22, 6113-6120 (Nov. 
15, 1963). 

Annual ''Observatory Report" on research at NBS, C. E. 

Moore and L. M. Branscomb, Astron. J. 68, No. 9, 658-659 

(Nov. 1963). 
An operational information retrieval system in the field of 

cryogenics, N. A. Ohen, Proc. Am. Documentation Inst. 

pp. 157-158 (Chicago, Illinois, Oct. 1963). 
Thermocouple and radiation thermometry above 900° K, H. J. 

Kostkowski and G. W. Burns (Symp. Measurement of 
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Thermal Radiation Properties of Solids, Dayton, Ohio, 

Sept. 5-7, 1963), Natl. Aeron. and Space Admin. SP-31, 

Session I, Paper 3, p. 13 (1963). 
Coefficient of thermal expansion and Young's modulus for a 

one-dimensional model of a solid, J. Mazur and R. J. 

Rubin, Am. J. Phys. 34, No. 11, 835-836 (Nov. 1963). 
Zeros of polynominals and fractional order differences of their 

coefficients, G. T. Cargo and O. Shisha, J. Math. Anal. 

Appl. 7, No. 2, 176-182 (Oct. 1963). 
The nightglow, F. E. Roach, Book; Advances in Electronics 

and Electron Physics 18, 1-44 (Academic Press Inc., New 

York, N.Y., 1963). 
Electron monochromator utilizing the scattering resonance 

in helium, J. A. Simpson, C. E. Kuyatt, and S. R. Mielcza- 

rek. Rev. Sci. Instr. 34, 1454-1455 (Dec. 1963). 
Synchronization of two remote atomic time scales, J. A. 
'^ Barnes and R,. L. Fey, Proc. IEEE 51, 1665 (Nov. 1963). 



Room temperature oxidation of iron at low pressure, J. 

Kruger and H. T. Yolken, Corrosion 30, No. 1, 29t-33t 

(Jan. 1964). 
Vacuum ultraviolet photochemistry. VIII. Photolysis of 

n-butane, H. Okabe, and D. A. Becker, J. Chem. Phvs. 

39, No. 10, 2549-2555 (Nov. 15, 1963). 
NBS activities for the American Rubber Industry, G. M. 

Kline, L'industria della gomma VII, No. 6, 29-33 (June 

1963). 
Annual ^^Observatory Report" on research at JILA, L. M. 

Branscomb, Astron. J. 68, No. 9, 660-662 (Nov. 1963). 

"^Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, Government 
Printing Office, Washington, D.C., 20^02 {foreign postage, 
one-fourth additional). Reprints from outside journals and 
the NBS Journal of Research may often be obtained directly 
from the authors. 
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